I use a fixed effects instrumental variable approach to determine the effect retirement has on health. The exogenous variation in the probability to retire at the normal and early retirement age thresholds is exploited to instrument for the otherwise endogenous retirement decision. Six health aspects are considered: self-assessed health, depression, limitations in (instrumental) activities of daily living, mobility limitations, grip strength and number of words recalled. Using data for 10 countries from the Survey of Health, Retirement and Ageing in Europe (SHARE), I find that retiring both at the normal and early retirement eligibility ages significantly improves all health aspects, including the objective measure grip strength. Results do not generally support the theory that previous research was biased towards zero due to behavioral changes during the anticipation phase prior to retirement. Results also do not show the presence of a honeymoon phase directly following the start of retirement, in which individuals are believed to experience a euphoric state leading health improvements. It appears that individuals, especially blue collar workers, go through an adjustment period after retirement in which they experience more health problems, before stabilizing and improving. Overall, retirement has a health preserving effect for both genders and all occupations in the long term. Neither blue collar workers nor workers with physically or psychologically demanding jobs benefit more from retirement than others.
Introduction
Even though life expectancy has doubled over the last century (World Bank 2016a), retirement age thresholds have decreased since Otto von Bismarck introduced a retirement age of 70 in 1889 (von Herbay 2014) 1 . This has lead to a continuously increasing number of retirees (pension benefit recipients) alongside a decreasing number of workers (contributors). As a result, it has become increasingly difficult to fund retirement systems. To oppose this trend, reforms to eliminate early retirement options or to increase the normal retirement eligibility ages have been introduced by many European countries over the past two decades (Hofäcker 2015) . Although successful in raising labor force participation among the elderly, these reforms have not been sufficient to establish financial sustainability of pension systems.
Before further changes to the pension systems are implemented, the impact of potential reforms on the retirees' health should be analyzed. As increasing medical expenditures are also putting a financial strain on social security systems, changes to the pension system need to consider the impact on the social security system as a whole. Retirement can be thought to relieve individuals of work-related stress and strain, thereby improving a person's well being. Particularly individuals with physically and mentally straining jobs are expected to benefit from retirement.
If retirement improves health, delaying the onset of retirement will delay the health improvement. This may increase health care expenditure prior to retirement and may cause individuals to follow other pathways to exit the labor force, as their health does not allow them to work until reaching the retirement age thresholds. However, others argue that retirement is a break in life structure, leading to a loss of identity and purpose, negatively affecting health. A delayed onset of retirement would then delay the worsening of health, leading to lower or at least delayed medical expenditure. Following this argument, postponing retirement might be beneficial for retirees. It remains unclear, whether health is preserved, unchanged or harmed by retirement.
Providing causal evidence on the impact of retirement on health is not straightforward. Poor health and health shocks influence a person's decision to retire (Dwyer & Mitchell 1999) . Additionally, an individual's observable and unobservable characteristics may drive the retirement decision and influence the health status. Both pathways will confound the identification of the effect retirement has on health. Several studies have attempted to account for these endogeneity concerns by using stratified samples or instrumental variables. While these approaches allow for the identification of the causal relationship between retirement and health, no definite conclusions can be drawn as opposing results have been presented.
The inconclusive results can potentially be explained by violations to the homogeneity assumption, which previous research has implicitly made. Retirement does not affect all individuals in the same manner, as the transition to retirement implies different lifestyle and behavioral changes. The heterogeneity of the retirement effect needs to be considered not only across different groups, but also across different retirement phases. Based on the work by Atchley (1980) , several economic studies have discussed the presence of a honeymoon effect, during which retirees are thought to experience an idealistic state immediately after retiring. This is expected 1 Retirement age was lowered to 65 around two decades later, where is has remained since (von Herbay 2014).
to have a health improving effect, especially on perceived health measures such as self-assessed health and depression (see for example Bonsang et al. (2012) or Heller-Sahlgren (2017) ). Others, including Behncke (2012) and Coe & Lindeboom (2008) , have discussed the potential bias from what Atchley (1980) called the anticipation phase. They argued that individuals may plan their retirement transition before retiring, which could in turn lead to health changes prior to retirement, biasing results. Allowing for heterogeneity in the retirement effect could clear up the inconclusive evidence presented to date.
In this paper, I separate the effect of retirement on health by gender and occupational characteristics. Six different subjective and objective health measures are used as outcome variables, covering both mental and physical health. The health variables include self-assessed health, depression, limitations in (instrumental) activities of daily living, mobility limitations as well as maximum grip strength and a word recall test. The retirement effect is split into an anticipation phase, honeymoon phase and long-term retirement. I exploit the financial incentives to retire at the normal and early retirement age (NRA and ERA), which exogenously increase the likelihood to retire, to instrument for the retirement decision. Individual and wave fixed effects are controlled for to ensure unbiased estimates. The analysis is completed using data from Waves 1, 2, 4, 5 and 6 of the Survey of Health, Ageing and Retirement in Europe (SHARE). The sample is restricted to 50-80 year olds who have been employed, self-employed or retired in all waves, living in the original countries from Wave 1 (except Greece). These countries include Austria, Belgium, Denmark, France, Germany, Italy, the Netherlands, Spain, Sweden and Switzerland.
Results of my analysis show that retiring at the NRA or ERA lead to improvements in health, both in terms of subjective and objective health measures. Other than previous literature, my results show that retirees are significantly stronger in terms of maximum grip strength, which is the only truly objective and not self-reported health measure. The health preserving effect remains in the long term when separating retirement into the anticipation, honeymoon and long-term phases. However, results do not support the theory that health improves prior to retirement, nor do they support the honeymoon effect. Instead, there is evidence of the opposite occurring -retirees, especially blue collar workers, first experience significantly worse health upon retiring. I further find that both genders experience health improvements. Women experience greater improvements in terms of self-assessed health and maximum grip strength, while men are less likely to suffer from depression and limitations in (instrumental) activities of daily living. Contrary to previous work and theoretical considerations, results do not suggest that blue collar workers or workers who consider their job either physically or mentally straining experience greater health improvements. Having children living close by or having grandchildren increases the positive effect retirement has on health. Overall, all individuals appear to benefit from retirement in the long term.
The paper proceeds as follows. Section 2 discusses the concept of retirement, presents the theoretical impact of retirement on health and gives an overview of the current literature. Section 3 introduces the dataset and gives definitions of key variables. The econometric model is described in Section 4. Results are presented in Section 5 and discussed in Section 6.
Background

Retirement Eligibility Rules
The most common retirement eligibility criteria is the normal retirement age (NRA). Reaching the NRA allows individuals to retire and to receive full pension benefits. Most countries also offer an option to retire a younger age, the early retirement age (ERA). The cost of retiring early is reflected in a reduction of the pension benefits for every month they retire before the NRA.
Early retirement options became more popular in the 1970s, leading to declining labor force participation of individuals 60+ (OECD 2016) . Due to a fertility rates declining simultaneously, there has been a shift in the population distribution away from more workers per retiree to fewer workers. This is captured by the old age dependency ratio, which relates the number of retirees to active workers (see Figure 1 ). In 1960, there were 6.7 workers per pensioner in Europe. By 2015, the ratio has dropped to 3.3 workers per pensioner and is expected to fall even further (World Bank 2016b). As a result, it is becoming increasingly difficult to finance pay-as-you-go (PAYG) public pension systems, where the contributions of current workers pay for the benefits of current pensioners. Over the past two decades, many countries have realized that the costs attached to earlier retirement options and the longer retirement durations were causing financial instability in their social security systems. Reforms implemented since this realization have been successful in raising the labor force participation of the elderly (OECD 2016), however they have not been sufficient to establish financial sustainability. Governments continue to discuss reforming their pension systems, including eliminating early retirement options, increasing age thresholds further or linking the retirement age to life expectancy. This raises the question if there is a limit to how long individuals can work. Recent research suggests that there is significant additional health capacity to work at older ages (Coile et al. 2016) . However, Coile et al. clearly state that their findings are not intended to suggest what retirement age thresholds should be. The health status of a 65 year old today may be better than the health status of a 65 year old several decades ago, but it is unclear how longer working lives and a delayed entry into retirement will impact their health.
Theoretical Impact of Retirement on Health
A priori it is not clear how retirement will affect the health of an individual. The theoretical framework proposed by Grossman (1972) views health to be both an investment and a consumption good. Investing in health, either through health-promoting activities or by seeking medical care, decreases the number of sick days, thereby increasing productivity and consequently earnings. After retirement, earnings are no longer dependent on productivity, so the incentive to invest in health to increase earnings disappears. An individual now values consuming health, as better health improves the quality of life. Retirement may also change the marginal value of time, making it cheaper to spend time on health promoting activities. This could potentially lead to health improvements. For some individuals, the marginal cost of time may still be too high to spend on health promoting activities. Depending on the size of the different effects, retirement will therefore improve or worsen health.
Role theory supports this heterogeneity. As Kim & Moen (2002) point out, the role enhancement perspective explains that transitioning into retirement could mean a feeling of identity loss for those individuals whose work was a central part of their identity. On the other hand, retirement can also be seen as a major life-course role exit, which reduces role strain and overload. Being relieved from the stress of their job, individuals may experience less depressive symptoms and feel healthier overall. The direction of the effect, therefore, depends on the circumstances of retirement. A person who had little control in his job, may finally be able to fulfill himself in retirement, while individuals who felt they were in control at their job, will lose their meaning in life with retirement.
Besides changing an individual's role, retirement can alter both the type and amount of social interactions. Social interactions have been shown to improve health (Petrou & Kupek 2008), suggesting that increases in social interaction will lead to better health. There is evidence that especially women benefit from the additional free time after retiring to spend with friends and family (Thomas 2011) . If women are able to uphold and even expand their social interactions after retirement, they may experience health improvements. Men, on the other hand, may have more difficulties upholding social interactions, leading to feelings of loneliness.
Retirement also influences other lifestyle aspects, including activity level, stress, smoking behavior, alcohol consumption and dietary habits (Zantinge et al. 2014) . Behavior can either change to become healthier or unhealthier, depending on an individual's preferences and work history. For example, individuals with physically demanding jobs may experience a drastic drop in physical activity, leading to severe weight gain and health issues after retirement. Individuals who had great responsibility and pressure in their occupations, may finally experience relief in retirement, leading to better overall health.
Heterogeneity in the retirement effect does not only exist in terms of personal and occupational characteristics, but may also depend on the distance to or from the point of retirement. Psychological literature suggests that the effect of retirement can be separated into the following phases: (1) Preretirement, (2) Honeymoon, (3) Disenchantment, (4) Reorientation and (5) Stability (Atchley 1980) . The preretirement phase is split into a remote phase, in which retirement is seen as something occurring far in the future and a near phase, in which individuals begin planning for retirement. During this anticipation and planning phase, individuals may start altering their lifestyle in order to make it healthier, by spending more time exercising and caring less about the stress at work. The honeymoon phase is believed to be a euphoric period, in which the retiree enjoys the new-found freedom, time and space. Especially self-assessed health measures and mental health could improve drastically through this feeling of euphoria. The third stage, disenchantment, encompasses a period of feelings of letdown, possibly depression, when an individual realizes retirement is not only an extended vacation, but has its downsides as well. This is followed by a period of reorientation, where new alternatives are developed, leading right into a stability phase.
Literature Review
The ambiguity of theoretical considerations is reflected in the empirical literature. Early correlational work identified a negative association between retirement and health (Dave et al. 2008) .
This relationship cannot be considered causal, as the results can, in part, be explained by poor health or unexpected health shocks increasing the likelihood of an individual to retire (Dwyer & Mitchell 1999) . To fully account for the endogeneity caused by reverse causality, it has become widely accepted to use an instrumental variables (IV) approach. Coe & Lindeboom (2008) and Coe et al. (2012) used self-reported offers of early retirement in the Health and Retirement Survey (HRS) to instrument for the retirement decision. They found no statistically significant worsening of health, with a slight health improvement for certain sub-groups, including blue-collar workers. Hallberg et al. (2015) exploited an early retirement offer made to military officers in Sweden and found that retirement decreased mortality as well as the number of days of inpatient care. The unexpected nature of these retirement offers prevents individuals from preparing for retirement, thereby excluding potential bias due to behavioral adjustments prior to retirement. However, individuals who are offered early retirement packages are not representative of all workers. Early retirement packages are more common in large companies in the manufacturing, utilities and banking industries and among white collar workers. Insler (2014) instrumented for the retirement decision using self-reported probabilities to work past the ages 62 and 65. He argued that the instruments fulfill the exogeneity requirement, as individuals answer these question before retiring and are therefore unaware of unanticipated retirement-inducing health shocks. However, it is easily argued that these instruments fail to fulfill the exogeneity requirement. It is very likely that individuals consider their current health and their expected future health, based on family history and health behavior, in their evaluation of this question.
By far the most common instruments are the normal and early retirement eligibility ages. Reaching these eligibility ages increases the probability of an individual to retire, without having a separate effect on health (see section 5 for a detailed explanation of the IV-strategy). Early studies used cross-sectional data and found no effect on health (Bound & Waidmann 2007) , worse health (Rohwedder & Willis 2010) and better health (Coe & Zamarro 2011) . To better account for endogeneity issues and to obtain more precise results, further studies used panel data in the hope to identify the true direction of the effect (Neuman (2008) , Behncke (2012) , Mazzonna & Peracchi (2012) , Bonsang et al. (2012) , Gorry et al. (2015) , Heller-Sahlgren (2017) , and Mazzonna & Peracchi (2017) ).
One limitation in many of these studies is the failure to control for unobserved individual heterogeneity. Unobserved individual characteristics, such as time preferences, influence both the decision to retire and the health of a person. Results from estimations without individual level fixed effects are therefore biased and have to be considered with caution. Those who do control for individual level fixed effects alongside their IV strategy still found opposing effects. Using HRS data, Bonsang et al. (2012) found that retirement had a diminishing effect on cognitive abilities. Further negative effects on mental health were found by Heller-Sahlgren (2017), while Mazzonna & Peracchi (2017) suggested that while retirement worsens cognitive ability and selfassessed health for a large part of the population, it also improved the health of those who were previously in physically demanding occupations. Furthermore, Gorry et al. (2015) found that several different health aspects improved with retirement.
Another potential problem in previous research is a possible violation to the exogeneity assumption when using the NRA as an instrument in US datasets (Gorry et al. (2015) , Bonsang et al. (2012) and Rohwedder & Willis (2010) ). The NRA coincides with the eligibility age to receive health insurance coverage through Medicare, which has been shown to have a separate, health-improving effect (Card et al. 2008) . As a result, turning 65 2 affects health through other paths than just its effect on the likelihood to retire, leading to biased results. To circumvent this issue, Neuman (2008) excluded the NRA in his set of instruments. It is to date unclear if results excluding the NRA will be externally valid, as it is not known whether the health effects of retiring at the NRA or at the ERA are the same. It is possible that individuals with poorer health self-select into occupations in which early retirement is common, thereby leading to different effects of retirement at the NRA and ERA.
Not only could the health effect of retirement depend on retiring at the NRA or ERA, but also on the aspect of health which is considered. Several studies focus only on cognitive abilities and mostly found that cognitive abilities declined with retirement (Mazzonna & Peracchi (2012) , Rohwedder & Willis (2010) , Bonsang et al. (2012) ) or that retirement had no effect on cognitive abilities (Coe et al. 2012) . The results when considering depression as the health outcomes have been mixed, although the overall tendency is no significant effect (Neuman (2008 ), Coe & Zamarro (2011 ), Gorry et al. (2015 ). A overwhelmingly positive effect on health has been measured when self-assessed health (SAH) was used. Most studies looking at SAH found that health was perceived to be better after retirement (Neuman (2008) , Coe & Zamarro (2011) ).
Results using other health outcomes such as the number of chronic conditions, disease diagnosis, or limitations in (instrumental) activities in daily living, have lead to mixed results without an overall trend becoming apparent.
Studies differ not only in respect to health outcomes, but also their sample restrictions. Most studies either restricted their sample to men or split their analysis by gender. Some evidence has been found that the effects of retirement on health differ by gender, however little evidence exists for the impact on women. Very few studies extended their heterogeneity analysis further. Results by Mazzonna & Peracchi (2012) suggest that individuals with more years of education seem to experience greater health improvements when they retire, while no difference was detected by Heller-Sahlgren (2017). Hallberg et al. (2015) , on the other hand, found that individuals without a college education experience a greater health improvement. Coe et al. (2012) explored the heterogeneity among occupational groups and found that blue collar workers experienced a significant health improvement, while there was no significant effect for white collar workers. The study by Mazzonna & Peracchi (2017) explored further occupational differences by considering the physical and psycho-social burden of the last job an individual held before retirement. They found that while retirement overall affects health negatively, those in particularly physically burdensome jobs experience a health improvement.
Several studies have attempt to consider the dynamic effect retirement has on health. A few studies, such as Mazzonna & Peracchi (2017) , included the retirement duration to capture longterm effects. However, Mazzonna & Peracchi specified a linear age trend, so it remains unclear whether their long-term detrimental health effect is truly due to retirement worsening health, or if the negative effect captures the negative effect aging has on health. Others have split the analysis into a short and long-term effect by analyzing the effect retiring had after one wave and after two waves (Coe & Lindeboom (2008 ), Insler (2014 , Gorry et al. (2015) ). None of these studies explicitly looked at the presence of a honeymoon effect, although the relevance of the honeymoon phase is mentioned several times in the literature.
One main argument against using the NRA and/or ERA thresholds to instrument for the decision to retire is that these age thresholds are well known and can therefore be anticipated and planned for. According to this argument, health effects will already take place before retirement, biasing results (for example Coe & Lindeboom (2008) or Behncke (2012) ). The only attempt to identify the presence of an anticipation effect was by Coe & Lindeboom (2008) , who compare results using unexpected early retirement offers to instrument for the retirement decision to using the ERA and NRA as instruments. They found some evidence that the anticipation effect may bias results towards zero if the ERA and NRA are used. Although important, no study has managed to instrument for the anticipation and honeymoon phase to explore the dynamic effect retirement has on health.
Contribution
This paper contributes to the literature by exploring the heterogeneity of the effect, in terms of occupation and personal characteristics. Furthermore, the analysis differentiates between the effect on health of retiring at the NRA and at the ERA. Most importantly, the effect of retirement is split into three phases: anticipation, honeymoon and long-term effect. To identify which aspect of health is affected by retirement, six objective and subjective health measures are used separately, covering mental and physical health. An instrumental variable approach with individual and wave fixed effects ensures that all endogeneity concerns are addressed. Using the SHARE dataset avoids possible confounding by Medicare effects. Lastly, more SHARE waves are included in the analysis compared to previous work, allowing for the analysis of more individuals over a longer period of time.
Data
This paper uses data from SHARE Waves 1, 2, 4, 5 and 6 3 (Börsch-Supan 2017), see Börsch-Supan et al. (2013) for methodological details 4 . SHARE is a multidisciplinary, cross-national, individual-level dataset on health, well-being, socio-economic status as well as social and family networks of the population aged 50+ in several European countries. The third wave, SHARE-LIFE, cannot be used since it is a retrospective survey asking individuals about their life history.
Sample Selection and Retirement Definition
Some sample restrictions are necessary for this study. Only those countries which were surveyed in all five waves were included, as these original countries are more similar to each other than those added in later waves 5 . The sample includes Austria, Belgium, Denmark, France, Germany, Italy, the Netherlands, Spain, Sweden and Switzerland. Only individuals between the ages of 50 and 80 are considered. Individuals over 80 are excluded since health trends are very different among the very old and selective mortality becomes a greater issue at higher ages.
Retirement is defined using a question about self-declared job situation, in which respondents are asked which of the following best describes their employment situation: retired, employed or self-employed, unemployed, permanently sick or disabled, homemaker or other. All individuals declaring themselves to be retired are considered to be retired, while those declaring themselves to be employed or self-employed are considered to be working. To measure the effect of transitioning into retirement from employment, individuals who ever report any other job status are dropped from the analysis. In the sensitivity analysis, other definitions for retirement and other sample restrictions are used to ensure the robustness of the results. • 261982). Additional funding from the German Ministry of Education and Research, the Max Planck Society for the Advancement of Science, the U.S. National Institute on Aging (U01 AG09740-13S2, P01 AG005842, P01 AG08291, P30 AG12815, R21 AG025169,Y1-AG-4553-01, IAG BSR06-11, OGHA 04-064, HHSN271201300071C) and from various national funding sources is gratefully acknowledged (see www.share-project.org). 5 The Netherlands conducted an experiment using an online survey or telephone interviewing instead of face-toface interviews for WAVE 6 and therefore data for the Netherlands are excluded in Wave 6. 6 Only eight individuals change their working status from being retired to working. The rest of the individuals change from working to being retired. by the different retirement eligibility ages as well as the different attitudes toward retirement in the different countries.
Retirement Eligibility Ages of the Sample
The SHARE dataset is supplemented with the relevant NRAs and ERAs. These eligibility age thresholds are gender, cohort, year and country specific. Table 2 gives an overview (by gender) of the most common eligibility ages in the interview years, incorporating the reforms currently being implemented in several countries. There is relatively little variation in the NRA.
Men retire at age 65(+) in all countries except France. The variation among women is slightly higher, ranging from 60 in France, to 65(+) in Germany, Sweden, the Netherlands, Spain and Denmark. The ERA shows greater variation, ranging from 56 to 64 for men and 56 to 63 for women 7 . Over the time span of the interviews, retirement ages have increased and some early retirement schemes have already been abolished.
Health Measures
SHARE provides a variety of health variables, covering different aspects of health. To gain a comprehensive understanding, six health measures are used separately as the outcome variable.
They include both subjective and objective measures as well as physical and mental health aspects.
The first health measure, capturing general health, is the self-assessed health status (SAH). It is based on a question asking individuals to rate their health on a scale from 1 (excellent) to 5 (poor). Following convention, an indicator variable is generated which is equal to 1 if a person reports being in very good to excellent health and 0 otherwise. The disadvantage of using SAH is its susceptibility to justification bias, where individuals report poorer health to justify being retired (McGarry 2004) . This would downward-bias the results. If a health preserving effect is measured nonetheless, it means the true health preserving effect is larger. Despite its drawbacks, 7 Even though Denmark does not have an official early retirement age, a voluntary early retirement scheme is available to the majority of the population (OECD 2015). SAH has been shown to be an independent predictor of mortality, particularly among the elderly and therefore is an important measure to consider (see for example Idler & Benyamini (1997) ).
Mental health is captured in two variables -depression and cognitive ability. According to the EURO-D scale, a person is categorized as depressed if at least four out of the twelve symptoms 8 are experienced (Prince et al. 1999) . The indicator variable is equal to 1 if a person is not categorized as depressed, i.e. has less than four symptoms. Cognitive ability is captured by the total word recall test, in which respondents are read a list of 10 words and asked to repeat them immediately afterwards and with a small delay. These two word recalls are summed up, giving a maximum score of 20. SHARE also provides other variables measuring cognitive ability, such as numeracy. However, total word recall is used as it measures episodic memory, which is particularly affected by aging (Bonsang et al. 2012 been shown that it is a good, independent predictor of mortality (Ambrasat et al. (2011), Hank et al. (n.d.) and Leong et al. (2015) among others). The test is constructed so that even the weakest subjects can participate, ensuring a high participation rate. Grip strength is the only truly objective health measure.
Two other widely used health measures, number of chronic diseases (or indicator variables for the presence of certain diseases) and a health index, are not used in this study. As discussed in subsection 2.2, retirement changes the marginal value of time. As time is less restricted, the cost of going to see a doctor decreases. Conditions may be diagnosed that were present before entering retirement, but had gone undiagnosed. This leads to a diagnosis bias, as the diagnosis indicates worse health after retirement, even though the health of the individual was just as poor before. I do not include a health index in which several health variables are used to predict a person's general health, as this will not allow for a heterogeneity analysis. Using an index may hide important differences, as certain groups may experiences changes in one health aspect, while another group experiences the change in a different health aspect.
Econometric Model
This section presents the theoretical foundation for the empirical analysis that will follow. First, the baseline ordinary least squares (OLS) model is presented, including its limitations. It will then be followed by the corrected model.
Baseline Model -Ordinary Least Squares Model
To identify the effect of retirement on health, it would be ideal to compare the health of an individual i as he/she retires in one state of the world (Y 1 i ) with the health of that same individual if he/she were to continue working in another state of the world (Y 0 i ). As an individual cannot retire and continue working, the average treatment effect (ATE) is identified instead, in which the health status of the retirees (the "treated") is compared to those still working (the "untreated"), by estimating the following equation using OLS:
IADL include using a map to figure out how to get around in a strange place; preparing a hot meal; shopping for groceries; making telephone calls; taking medications; doing work around the house or garden; managing money, such as paying bills and keeping track of expenses. Mobility includes walking 100 meters; sitting for about two hours; getting up from a chair after sitting for long periods; climbing several flights of stairs without resting; climbing one flight of stairs without resting; stooping, kneeling, or crouching; reaching or extending your arms above shoulder level; pulling or pushing large objects like a living room chair; lifting or carrying weights over 10 pounds/ 5 kilos, like a heavy bag of groceries; picking up a small coin from a 
where X i is a set of exogenous controls. In the following analyses I will control for age, age squared, gender, years of education, number of children, survey wave and country of residence.
The rest is as described above. Using this regression will lead to biased results, as some variables which influence both the decision to retire and a person's health, are unobserved. Furthermore, an endogeneity problem arises from reverse causality. It has been shown that the retirement decision is in part driven by poor health (Dwyer & Mitchell 1999 ). The baseline model will therefore result in downward biased effects of retirement on health.
Corrected Model -Fixed Effects Instrumental Variable Model
Binary Retirement Decision
In order to identify the causal relationship between retirement and health, an individual level fixed effects (FE) approach is used to control for unobserved time-invariant heterogeneity:
where i is the individual and t is the survey period. Therefore µ i are individual fixed effects and τ t wave fixed effects. The other variables are as described above. Using an FE-approach ensures that time-invariant confounding factors, such as genes, health history and environmental factors, are controlled for. The common approach in the literature has been to use age and age squared as control variables. I follow this approach, but test different age trend specifications to ensure the robustness of my results.
This model may still suffer from endogeneity, as individual fixed effects will not remove reverse causality. I exploit the fact that the regressor of interest, retirement (R it ), is partially determined by a known, discontinuous function of age, which is not directly related to an individual's health (Y it ). Policies determining the normal and early age thresholds at which an individual becomes eligible for old-age pension (see subsection 4.2) change the probability of retiring discontinuously as a function of gender and age. A set of instruments will be used in which there is one indicator variable per gender for being above the relevant age thresholds (either NRA or ERA).
A two stage least square (2SLS) estimation procedure is used. The following first stage regression is estimated:
where g is the gender of person i, Z igt is the vector of instruments, I(age igt ≥ N RA igt ) and I(age igt ≥ ERA igt ), and the rest is as discussed above. The fitted values, R it , are then used to estimate:
Retirement Phases
In a second step, the effect of retirement is separated into anticipation, honeymoon and long-term retirement phases. SHARE provides the exact retirement date, which can be used to calculate the exact time until and since retirement and determines which phase an individual is in. To instrument for these phases, gender-specific indicator variables are used, which are equal to 1 if an individual is within two years before (anticipation) or after (honeymoon) the ERA or NRA.
In regressions controlling for the honeymoon effect, the retirement instrument is equal to 1 if an individual is older than the NRA or ERA plus the honeymoon phase. The main analysis will use a length of two years for both the anticipation and honeymoon phases. The robustness of the results will be checked using different phase durations. Controlling for the retirement phases leads to the following first stage regressions:
where A it is an indicator variable equal to 1 if a person will retire within the next two years, while H it is an indicator variable indicating whether a person has been retired for two or fewer years. The vector of instruments, Z igt , now includes indicator variables for being zero to two years below the NRA/ ERA 10 , for being zero to two years from the NRA/ ERA 11 and for being over the NRA/ ERA plus two years 12 . The second stage estimation therefore becomes:
Instrument Validity
Instrument validity depends on three assumptions: relevance, exogeneity and monotonicity. An instrument is considered relevant if it causes a shift in the regressor of interest. points from age 59 to 60 and of around 15 percentage points from age 64 to 65 for both genders.
The relevance assumption will also be confirmed by the relevant F-statistics.
Figure 2: Proportion of Retirees Per Age in 6 Months Bins
Note: Due to the difference in ERA and NRA, the vertical lines indicate only the most common age thresholds and therefore these jumps underestimate the true variation caused by reaching the retirement age thresholds.
Instrument exogeneity requires that the NRA and ERA do not impact health through other channels than through their effect on the decision to retire. While health does deteriorate with age, it is unlikely that turning a particular age has a direct effect on health, especially physical health. It could be argued that turning a milestone age, such as 60, negatively affects mental health and therefore biases results when using depression as an outcome variable. Assuming that turning 60 increases the probability to be depressed and that retirement decreases the likelihood to be depressed, this bias would result in the lower bound of the true effect. Crosscountry variation in retirement ages allows for an abstraction from this potential effect, as not all NRA and ERA can be considered milestone ages. However, several threats to the exogeneity assumption remain in the literature.
Some studies argue that the NRA and ERA are known ahead of time, thereby causing an individual to alter behavior prior to retirement, which could affect health. Knowing there is only a limited time left in their job, individuals may be less stressed by their job as they know any problem will soon not be theirs to solve. Being less stressed could lead to better health outcomes. It is also possible, that a person will take up new hobbies to ensure a smooth transition into retirement, which would also improve health prior to retirement. A positive effect of retirement would therefore be a lower bound of the true effect. This potential source of bias is more problematic if retirement worsens health. If that is the case, it is necessary to check if there is actually an adverse effect of retirement or if the adverse effect captures mean reversion -that reaching retirement brings individuals back to the health level they experienced before the planning phase. Instrumenting for the anticipation phase will check whether such a bias is present.
Another threat to exogeneity is presented by de Grip et al. (2012) . They show that large, discontinuous changes in retirement ages can have a separate effect on health. While most changes to eligibility ages have been phased in slowly with many years of advance notice, some of the more abrupt changes, such as the increased early retirement age in Italy or the complete discontinuation of early retirement in the Netherlands, may negatively affect health. As a robustness check, the affected cohorts of these countries in the years of the jump and
The last requirement an instrument has to fulfill is monotonicity. Monotonicity is fulfilled if all people who are affected by the instrument are affected in the same direction. Either reaching the age threshold has no effect on an individual or it has to be positive for all individuals (or negative for all individuals). It cannot be that some persons are more likely to retire while others are less likely to retire. It is assumed that this holds and the first stage regression can be used to check that there is no indication that this may not be the case.
While using an instrument allows for causal inference to be drawn, it only allows for conclusions about the effect of retirement on those individuals who retire due to reaching the eligibility age, not on those who retire for other reasons. In other words, this strategy allows for the identification of the local average treatment effect (LATE). However, this effect is most important when considering changes to existing pension policies, as those retiring due to reaching the official age thresholds, the compliers, will be most directly affected by policy changes. Those who retire due to other reasons will likely do so even if the retirement age is increased.
Heterogeneity
The approach discussed above does not take into consideration that retirement may have diverse effects on health for different individuals. It assumes that Y 1 i −Y 0 i is the same ∀i 13 . It is possible that the effect of retiring at the NRA and the ERA differ, as individuals who accept a cut in pension benefits in return for retiring early may differ from those who choose to retire without a cut in benefits. As can be seen in Table 3 , 71.2% of those retiring upon reaching the ERA are white collar workers, compared to 65.5% of those retiring at the NRA. This in turn means a larger fraction of blue collar workers postpone retirement until they reach full pension benefits 14 .
Table 3 also shows that those retiring at the ERA are less likely to report working in a physically demanding job than those retiring later, however more individuals who felt time pressure to do their work retire when reaching the ERA. In summary, there are slight differences among those who retire when reaching the ERA and the NRA, which could lead to different retirement effects around each threshold.
As indicated by subsection 2.2, the impact of retirement on health is expected to differ by personal as well as job characteristics. The analysis will be split by gender, as well as other personal characteristics such as having grandchildren. The effect of retirement will further be broken down by job characteristics. First, the analysis will be completed for white and blue collar workers. As can be seen in Table 3 , 69.5% of the sample are considered white collar workers, while only 30.3% are classified as blue collar workers. Furthermore, Table 4 shows that blue collar workers, on average, experience greater health issues among retired and nonretired individuals. If blue collar workers benefit more than white collar workers, an average 13 Y 1 i is the health of person i if he/she is retired, while Y 0 i is the health of person i if he/she is working. 14 Individuals are categorized as blue or white collar worker using the ISCO-88 categorization given in the first interview. The categorization therefore uses the current job for those still employed or the last job for those who are already retired during their first interview. Armed forces are excluded. treatment effect may be insignificant due to the larger sample size of white collar workers.
Splitting the sample to identify the separate effects is therefore sensible. The effect is further differentiated using questions about the characteristics of the job to see if those who agree that their job is physically straining, or who agree they feel time pressure for a large workload or feel like they have no freedom in their work benefit more from retirement. These questions asks the respondent to strongly agree, agree, disagree, and strongly disagree with the respective characteristic. The answers are dichotomized into strongly agree / agree and disagree / strongly disagree. Individuals were classified using the answers they gave in their first interview. Individuals who are unemployed are excluded in the main analysis, allowing the identification of the effect of transitioning from working to not working due to retirement. However, as many other studies include these individuals such as Mazzonna & Peracchi (2017) , it is important to consider the effect of this sample selection. Of those who report being unemployed, 49.0%
were working in a blue collar job when they were employed. Also, 55.3% reported having worked in a physically demanding job. Including individuals who transition into retirement via unemployment is likely to impact the results, as it is a group with a higher ratio of blue collar workers with physically demanding jobs. This group is more vulnerable and likely to have difficulties reaching the official retirement ages if they are increased. This has to be kept in mind during policy reforms as it will be costly to social security systems when a growing number of individuals exit the work force through unemployment or in the worst case, end up on disability insurance before entering retirement.
Results
Retirement Effect on Health Outcomes
A negative association between retirement and health is suggested by Table 4 . It shows that on average, workers are in better health. Retirees are less likely to perceive their health as very good to excellent, and more likely to be depressed and to suffer from limitations. They are also weaker and recall fewer words. This negative correlation is confirmed by the POLS regression results shown in column (1) of Table 5 . Retirement leads to a significantly worse health status in all six health outcomes. However, retirement appears to improve health once individual level fixed effects are controlled for (see column (2) of Table 5 ). Even though the self-selection into retirement is not yet completely accounted for, there is either a sign reversal or a reduction in magnitude of the negative effect of retirement on all health measures. To remove the bias due to reverse causality, columns (3), (4) and (5) of Table 5 show the results when using NRA (column (3)), ERA (column (4)) and both (column (5) demonstrate the relevance of the instruments. Reaching the normal retirement age increases the probability to retire by around 35% for women and 26% for men, while reaching the early retirement age threshold increases the probability by 19% for women and 21% for men (see Table A1 in Appendix A).
Columns (3) and (4) in Table 5 suggest that the effects of retiring at the NRA and ERA are in the same direction and of comparable magnitude . Small differences remain, which should be considered if only one of the age thresholds is used for the analysis. For the remainder of the analyses, only the results using both instruments jointly are presented (results for NRA and ERA separately are available upon request). Retiring leads to an 8.2% increase in reporting very good to excellent health, decreases depression by 2.9% and the probability to experience limitations in (I)ADL or mobility by 4.5% and 5.9% respectively. Retirees are also significantly stronger, increasing their grip strength by 0.558 kg on average, while they recall 0.236 more words. While several studies have identified significant health preserving effects in a variety of health measures, this is the first to identify a positive effect on the objective health measure maximum grip strength. Result of this analysis also suggest a positive effect on cognitive abilities, contrary to most of the current literature.
Having established a health improving binary effect of retirement on health, Table 6 separates the retirement effect into different phases. Column (2) additionally includes the anticipation phase. Results do not generally support the idea that individuals experience health benefits shortly before retiring. The only health measure which provides evidence in favor of this theory is the depression measure. In the two years prior to retirement, individuals are 8.8% less likely to be categorized depressed. Retirement then leads to a 6.6% decrease in the likelihood to be considered depressed. Controlling for the anticipation phase also leads to a greater increase in grip strength, although the effect of the anticipation phase is not statistically significant. The anticipation coefficient is negative for self-assessed health, limitations in (I)ADL and cognitive ability, suggesting health actually worsens prior to retirement. Column (4) in Table 6 shows the results of the preferred specification, including both the honeymoon and anticipation phase. Compared to the standard model used in most literature (column (1)), retirement leads to a smaller improvement in terms of self-assessed health, limitations in (I)ADL and total words recalled. On the other hand, the improvements in terms of maximum grip strength, mobility limitations and depression become stronger in magnitude and size. This supports the idea that the effect of retirement is not linear and not homogeneous across different health measures.
Robustness Checks
Results are robust to various other specifications (see Table 7 ). The model in column (2) Results are also robust to redefining the instruments. In column (3), the instrument does not differ by gender, while the model in column (4) includes country and gender specific instruments (i.e. one indicator for females in Austria reaching NRA and one for reaching ERA, one for males in Austria reaching NRA, etc.). Both models yield similar results. There is even stronger evidence against health improvements during the honeymoon phase when using country-gender specific instruments. During the honeymoon phase, retirees are 2.8% more likely to be classified as depressed, 2.8% more likely to suffer from limitations in (I)ADL, 5.2% more likely to suffer from mobility limitations and are 0.484 kg weaker in their grip strength.
Results are also robust to using different age specifications, as can be seen in columns (5) through (8). Allowing for a country specific age trend or a linear, cubic or quartic age trend leads to similar results, both in terms of magnitude and significance. Shortening the anticipation and honeymoon to one year also gives similar results (see column (9) in Table 7 ). Shortening the Note: ERA and NRA used jointly to instrument for the retirement decision. Positive coefficients imply a health improvement and the first four health measures are binary. Robust standard errors, clustered at the individual level, are given in parentheses. Kleibergen-Paap (KP) rk Wald F-statistics are reported in brackets. All regressions control for age, age squared, female, number of children, years of education, interview wave and country of residence. Significance levels: ***p<0.01, **p<0.05, *p<0.1.
phases to one year lowers the F-statistic, as fewer observations are within the honeymoon and anticipation phases.
In another robustness check, countries in the years of drastic retirement age adjustments are excluded (the Netherlands in the years 2011 -2015 , Italy during 2011 -2015 , and Germany during 2012 -2015 . Results are robust and become stronger. Results are also robust when keeping all individuals who report being retired or employed/ self-employed instead of dropping those who ever report being unemployed, disabled, homemakers or do not declare their employment status. Including individuals who report being unemployed increases the health preserving effect retirement has on health. Conducting a placebo test using 70 as the normal retirement age does not yield any significant effect of retirement on health (see columns (2) through (5) of Table A2 in Appendix B).
To check if attrition due to the death of individuals is biasing results, the SHARE end of life questionnaire is used to identify individuals who have passed away. In the sample, 1,452 individuals pass away for whom the end of life survey was recorded (around 4.6% of the individuals included in the main analysis). In the main analysis, individuals who have died are not considered in the estimation once they have died. As a robustness check, these individuals are included by assigning them a value of 0 for the four binary health measures (self-assessed health, not depressed, no limitations in (I)ADL, no mobility limitations) and the bottom tenth percentile value of maximum grip strength and number of words recalled. The control variables take on the value of the last wave they participated in the survey alive. The employment status reported in the last interview is used in a first analysis. In a second analysis, those who were working before passing away and have then surpassed the ERA eligibility age are considered retired. In a third analysis, retirement status is assigned to those surpassing the NRA eligibility age. In all three analyses, the health preserving effect of retirement becomes even stronger across all health measures. Attrition due to death is biasing results downwards, as those with the worst health drop out of the sample. Overall, the results of my main analysis appear to be very robust to different specifications (see columns (6) through (8) of Table A2 in Appendix B).
Heterogeneity Analysis
After having established the robustness of the main specification, the effect of retirement is analyzed within different populations (see Table 8 ). The effect of retirement is generally similar between males and females. However, there are some notable differences, especially in terms of depression and grip strength. While the probability for women to be categorized as depressed decreases by 6.6%, it decreases 8.3% for men. The difference in the anticipation and honeymoon phases is more noteworthy. Men are significantly less likely to be categorized as depressed during the anticipation phase, yet fall into a slump immediately after retirement, when the probability to suffer from depression increases 5.9%. Maximum grip strength, however, appears to be significantly impacted by retirement only among women. While women gain 1.365 kg in strength during the anticipation phase and 4.426 kg in long-term retirement, they lose some strength in the honeymoon phase. For men there is no significant effect, but the signs of the coefficients go into the opposite direction. fewer statistically significant results. The magnitude of the coefficients is similar to that of white collar workers. The biggest difference between the two groups is measured in terms of maximum grip strength. Blue collar workers gain in strength immediately prior to retirement, but lose some strength during their honeymoon phase, which they regain afterwards. As a larger share of blue collar workers enter retirement from unemployment, including those individuals who were unemployed before retirement strengthens the effect for blue collar workers. The results now show a significant health improvement for blue collar workers in the long term, although they also experience significantly more health issues within the honeymoon phase. These results suggests that blue collar workers go through a rough adjustment phase after retirement, before adjusting back to better health.
Estimating the effect for further groups in terms of job characteristics leads to less precise results due to smaller sample sizes (see Table 8 ). Only a subset of individuals answered the relevant questions, so the following results should be interpreted as a first indication of the heterogeneity of the effect retirement has on health. Results do not generally support the theory that individuals who considered their job physically demanding benefit more from retirement than those who did not believe their job to be physically demanding (see columns (5) and (6)).
They do however experience a 9.6% decrease in mobility limitations, with a large honeymoon effect of 13.6% reduced likelihood to experience mobility limitations. This is evidence that once the physical strain of their job ends, these individuals experience fewer physical ailments. They also gain 0.919 kg in maximum grip strength. Those who did not consider their jobs physically demanding experience greater improvements both in self-assessed health and being categorized as depressed. These results do not concur with the results by Mazzonna & Peracchi (2017) , who found that those with physically straining jobs experience greater health improvements upon entering retirement. While Mazzonna & Peracchi (2017) do not rely on the self-reported job characteristics and were able to use a more precise measurement, they state that using the self-reported measures yielded the same results. The results also do not support the idea that for those whose job was mentally straining, either due to feeling time pressured or feeling like there was no freedom to decide how to do their work, retirement brings a greater relief and therefore greater health improvements (see columns (7) through (10)). Although there are slight differences depending on which health aspect is considered, no general trend can be identified.
Looking at certain sub-groups based on personal characteristics, results show that individuals with grandchildren experience greater health improvements in terms of self-assessed health, depression and grip strength. At the same time, individuals with grandchildren are more likely to suffer from limitations in (I)ADL. Retirees whose children live less than 25 km away also experience greater health improvements in terms of self-assessed health, limitations in (I)ADL and grip strength (see Table A3 in Appendix C).
Discussion and Conclusion
Using SHARE data from waves 1, 2, 4, 5, and 6, I use a fixed effects instrumental variable approach to determine the effect retirement has on health. The exogenous variation in the probability to retire at the normal and early retirement age thresholds, NRA and ERA respectively, is exploited to instrument for the otherwise endogenous retirement decision. The baseline OLS model suggest a negative association between retirement and health. A large part of this negative association is driven by unobserved individual heterogeneity, as demonstrated by the fixed effects regression. Even without using an instrumental variable approach to account for reverse causality, retirement preserves health once individual fixed effects are included in the estimation.
Instrumenting for the retirement decision leads to an even stronger health preserving effect. The results of this paper are in line with those studies finding overwhelmingly positive effects of retirement on health. Unlike previous literature, a significant positive effect is identified in the objective health outcome maximum grip strength. Furthermore, contrary to most literature, cognitive ability, measured by the word recall test, also improves with retirement.
Retiring either at the NRA or ERA significantly improves health. However, there are slight difference in the magnitude and significance level depending on which health outcome it considered.
While results for self-assessed health and mobility limitations are similar for both retirement age thresholds, the likelihood to be categorized as depressed is only significant at the ERA, while improvements in (I)ADL limitations, maximum grip strength and total words recalled are only measured for retirement at the NRA. Therefore, using only one of the eligibility ages may lead to results that do not reflect the different nuances of the retirement effect on health.
The specification of the main model is robust. Using an alternate retirement definition which excludes those individuals who report being retired and having done paid work in the past four weeks strengthens the results. Changing to a gender-neutral or gender-country specific instrument also leads to similar results. Adjusting the age specifications, using a country-age specific age trend, or a linear, cubic or quartic age trend, confirms the results of the main specification which includes a quadratic age trend. The results are therefore not driven by incorrectly specifying the effect age has on health. Using several different sample restrictions, such as including those who reported being unemployed or excluding those countries who experience sharp changes in their retirement age thresholds, confirms and strengthens the findings of the main analysis.
On average, the health preserving effect of retirement is experienced in the long term. I do not find that health improves during the anticipation phase. There is only weak support for the argument that using NRA and ERA as instruments will lead to biased results. When depression, mobility limitations and maximum grip strength are used as outcome variables, there is some evidence that the effect is biased downwards. However, the effect of retirement on self-assessed health, limitations in (I)ADL and total words recalled is stronger when the anticipation phase is not controlled for. In these outcome measures, the changes prior to retirement lead to an overestimation of the effect. Furthermore, there is no evidence of the honeymoon effect. The The results further show that on average, all individuals -both men and women -experience health improvements upon retirement. Retirement has a health preserving effect for white and blue collar workers. It is not the case that those who worked in physically and psychologically straining jobs benefit more from retirement than others. Certain personal characteristics including having grandchildren or children living close by seem to increase this health preserving effect.
One main drawback of my approach is that the identified effect is not an average treatment effect, but a local average treatment effect (LATE). The average effect of all persons who retire due to reaching the official retirement thresholds is measured. No conclusions can be drawn about the impact retirement has on individuals who retire due to different reasons at another age.
Nevertheless, I believe the LATE is important for policy makers when deciding about further increases to the retirement ages. It is these compliers that are most likely to extend their working life, as those who retire due to other reasons will likely continue doing so in the future. This analysis does not give insight into whether fewer people will work until the retirement age, if it is increased even further. Further research is necessary to understand whether raising retirement ages will increase the uptake on unemployment or disability benefits right before retirement.
These results are relevant for policy makers discussing pushing back retirement ages and eliminating early retirement options. Since retirement leads to an improvement in health, pushing back this health boost could lead to greater health issues in the years prior to retirement and therefore a greater strain on the health care system. Furthermore, without this health boost, more individuals may be driven to seek alternative exit routes, such as unemployment or disability leave, that will put a further strain on the social security systems. If a policy maker wants to target inequality among the elderly, it may also be important to consider that all workers seem to have the same health boost once they retire. However, an improvement for a blue collar worker does not imply the same health status as an improvement for a white collar worker, as they start from a different level of health. Retirement does not act as an equalizer between different groups. If that is one goal of policy makers, differentiated retirement rules for populations should be considered. Note: ERA and NRA used jointly to instrument for the retirement decision. Anticipation and honeymoon phase 2 years long. Positive coefficients imply a health improvement and the first four health measures are binary. Robust standard errors, clustered at the individual level, are given in parentheses. Kleibergen-Paap (KP) rk Wald F-statistics are reported in brackets. All regressions control for age, age squared, female, number of children, years of education, interview wave and country of residence. Significance levels: ***p<0.01, **p<0.05, *p<0.1. Note: ERA and NRA used jointly to instrument for the retirement decision. Anticipation and honeymoon phase 2 years long. Positive coefficients imply a health improvement and the first four health measures are binary. Robust standard errors, clustered at the individual level, are given in parentheses. Kleibergen-Paap (KP) rk Wald F-statistics are reported in brackets. All regressions control for age, age squared, female, number of children, years of education, interview wave and country of residence. Significance levels: ***p<0.01, **p<0.05, *p<0.1.
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